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(§) The invention relates to a valve operating sys- 
tem structure with a variable valve timing mecha- 
nism wherein the valve timing of an intake valve or 
an exhaust valve provided for an engine can be 
changed over between a low speed and a high 
speed, and it is a principal object of the invention to 
provide a valve operating system with a variable 
valve timing mechanism which can realize reduction 
of vibrations and noise and a maintenance-free fea- 
ture. 

The valve operating system structure with a vari- 
able valve timing mechanism of the invention com- 
prises an intake valve or an exhaust valve (2, 3) 
provided for an engine, a low speed cam (12) having 
a cam profile for a low speed valve timing and 
rotatable in response to rotation of a crankshaft of 
the engine, a high speed cam (13) having a cam 
profile for a high speed valve timing and rotatable in 
response to rotation of the crankshaft, a main rocker 


arm (14; 83) for contacting" with the low speed cam 
(12) so as to be operated by the low speed cam 
(12), a sub rocker arm (15; 84) for contacting with 
the high speed cam (13) so as to be operated by the 
high speed cam (13), mode change-over means (17) 
for changing over the mode of the sub rocker arm 
(15; 84) between a non-interlocking mode in which 
the sub rocker arm (15; 84) is not interlocked with 
the main rocker arm (14; 83) and an interlocking 
mode in which the sub rocker arm (15; 84) is inter- 
locked with the main rocker arm (14; 83), a swing 
arm (80; 180; 88) supported for pivotal motion and 
for adjustment in phase relative to the main rocker 
arm (14; 83) and having a valve contacting portion 
(80C; 180C; 88) for contacting with the valve (2, 3) to 
drive the valve (2, 3), and a hydraulic lash adjuster 
(81) for adjusting the relative phase between the 
main rocker arm (14; 83) and the swing arm (80; 
180; 88). 
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BACKGROUND OF THE INVENTION 

1) Field of the Invention 

This invention relates to a valve operating sys- 
tem for driving an intake valve or an exhaust valve 
provided for an engine to open or close in re- 
sponse to rotation of a crankshaft, and more par- 
ticularly to a valve operating system structure with 
a variable valve timing mechanism which can 
change over the operation timing of such valve 
between a low speed operation and a high speed 
operation. 

2) Description of the Related Art 

In recent years, as the automobile society is 
matured, the requirement for an engine becomes 
progressively high and is diversified, and much 
effort is directed, in addition to the performance of 
an engine, to reduction of vibrations and noise and 
to a maintenance-free feature. 

For example, an apparatus for an OHC (over- 
head camshaft) engine for use with an automobile 
or a like vehicle has been developed wherein a 
valve operating system for operating an intake 
valve or an exhaust valve is operated to vary the 
operating timing of the intake or exhaust valve in 
order to enhance the performance of the engine. 

In the apparatus of the type described above 
(that is, variable valve timing mechanism), for ex- 
ample, a cam for a high speed and another cam for 
a low speed are provided on a camshaft and selec- 
tively used to obtain an operation timing of the 
intake or exhaust valve in accordance with an op- 
erating condition of the engine. 

The high speed cam has a cam profile which 
can provide an operation timing suitable for high 
speed operation, and the low speed cam has an- 
other cam profile which can provide another opera- 
tion timing suitable for low speed operation. 

In a cam apparatus of the rocker arm type, the 
selection mechanism between the high speed cam 
and the low speed cam is constructed such that a 
pair of rocker arm are selectively connected to or 
disconnected from each other so that the valve is 
operated alternatively by the high speed cam or 
the low speed cam in order to obtain an operation 
timing of the intake or exhaust valve t in accordance 
with an operation condition of the engine. 

By the way, in order to allow adjustment of the 
clearance between a rocker arm and a valve, gen- 
erally an adjust screw (tappet screw) is provided at 
a valve contacting portion of the rocker arm at 
which the rocker arm contacts with the valve. 

However, where such adjust screw is em- 
ployed, a gap may possibly be produced between 
the adjust screw and an opposing end of the stem 


of the vatve, and if such gap exists, then when the 
valve is operated by rocking motion of the rocker 
arm, the adjust screw hits the end of the valve 
stem to produce an impact sound. Particularly with 

5 a valve operating system with a variable valve 
timing mechanism, if the adjustment of the clear- 
ances between rocker arms and a valve is not 
performed appropriately, when it is tried to connect 
the rocker arms to each other, a required move- 

70 ment may be obstructed to obstruct smooth adjust- 
ment of the valve timing. 

In order to eliminate this, the clearance be- 
tween the rocker arm and the valve must always be 
controlled to adjust the screwed condition of the 

75 adjust screw in accordance with the degree of 
abrasion at the end of the adjust screw and so 
forth. 

In order to achieve reduction of vibrations and 
noise and a maintenance-free feature of a valve 

20 operating system with a variable valve timing 
mechanism, a valve operating apparatus has been 
proposed in Japanese Patent Laid-Open Applica- 
tion No. Showa 61-81510. In the valve operating 
apparatus, a hydraulic lash adjuster (HLA) is incor- 

25 porated in a valve contacting portion of a rocker 
arm in place of an adjust screw so that the clear- 
ance between the rocker arm and the valve may be 
adjusted automatically. 

In the valve operating mechanism, however, 

30 since the hydraulic lash adjuster is disposed at the 
valve contacting portion of the rocker arm, the 
valve side conversion weight of the valve operating 
mechanism is increased, which deteriorates the 
operating characteristic of the valve so that the 

35 valve may not possibly operate in a designed man- 
ner. 

Consequently, the valve operating mechanism 
has a subject particularly with regard to output 
power of the engine during-high speed rotation and 

40 durability of the engine. 

Further, since the valve contacting portion of 
the rocker arm is spaced away from the center of 
rocking motion of the rocker arm, also the hydraulic 
lash adjuster located at the valve contacting portion 

45 is spaced away from the center of rocking motion 
of the rocker arm. This leads to the following 
drawbacks. 

In short, particularly during high speed rotation 
of the engine, the hydraulic lash adjuster is acted 

so upon by an acceleration and a centrifugal force 
caused by rocking motion of the rocker arm so that 
a check valve ball built in it is liable to rage, and 
consequently, oil in a high pressure chamber in the 
hydraulic lash adjuster may flow out to increase the 

55 valve lift loss. Accordingly, the subject with regard 
to the output power and the durability of the engine 
becomes progressively important. — 
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Naturally, when it is tried to solve the subject, a 
possible increase of the size and/or the weight of 
the valve operating system is desired to be sup- 
pressed as small as possible. 

Thus, it seems a promising idea to provide, 
separately from a rocker arm, an arm (swing arm) 
which can be adjusted in phase with respect to the 
rocker arm such that the swing arm is contacted 
with a valve and a hydraulic lash adjuster is inter- 
posed between the rocker arm and the swing arm 
such that it can automatically adjust the relative 
phase between the rocker arm and the swing arm. 

In this instance, however, since the valve op- 
erating system includes an increased number of 
components, the following subjects are produced 
depending upon the arrangement of the compo- 
nents: 

1 . Where a cam for a low speed and another 
cam for a high speed are disposed at a com- 
paratively short distance, when the cams are to 
be cast together with the cam shaft, the mold 
drawability is deteriorated. 

2. Where the low speed cam and the high 
speed cam are disposed at a comparatively 
short distance, when the low speed cam is to be 
polished, the grind stone may possibly interfere 
with the high speed cam which projects farther 
than the low speed cam. 

3. Where the valve operating system is, for 
example, of the two valve type, the overall width 
of the valve operating system may be increased, 
resulting in decrease of the degree of freedom 
in designing. 

4. Upon high speed operation, a lift of the high 
speed cam is transmitted from the rocker arm 
for a high speed (sub rocker arm) to the rocker 
shaft by way of a piston (plunger) and then 
transmitted from the rocker arm for a low speed 
(main rocker arm) to the valve by way of the 
swing arm. Upon such transmission of power, 
the rocker shaft undergoes torsion, which makes 
a cause of deterioration of the rigidity of the 
entire valve operating system. 

Further, where a hydraulic lash adjuster is em- 
ployed for a valve operating system as described 
above, this has a significant influence upon the 
motion characteristic of the valve operating system. 

On one hand, the rigidity of the entire valve 
system is deteriorated since the high pressure of 
oil in a high pressure chamber acts upon the valve 
system. As a countermeasure for this, enhance- 
ment of the rigidity of the high pressure chamber is 
required by increasing the diameter of the plunger 
and decreasing the volume of the high pressure 
chamber. In this instance, however, the diameter of 
the plunger has a higher influence. 

On the other hand, although depending upon 
the type of the valve operating system, the valve 


side conversion weight is increased by attachment 
of the hydraulic lash adjuster. 

Further, since the inertial weight around the 
valve and the valve spring force act directly upon 

5 the hydraulic lash adjuster, the hydraulic lash ad- 
juster must necessarily have a correspondingly 
high rigidity. 

Thus, if the diameter of the plunger of the 
hydraulic lash adjuster is increased in order to 

10 enhance the rigidity of the high pressure chamber, 
then this results in increase of the weight of the 
hydraulic lash adjuster and deterioration of the mo- 
tion characteristic of the valve. Consequently, the 
subject described above becomes further signifi- 

75 cant. 

Therefore, it is desired to reduce the inertial 
weight around the valve and the valve spring force 
which act upon the hydraulic lash adjuster by some 
means. 

20 Meanwhile, in a valve operating system with a 

variable valve timing mechanism, it is desired to 
keep the valve clearance at an appropriate value. 
Particularly, the end of the stem of the valve and 
the contacting portion of the rocker arm with the 

25 end of the stem of the valve are liable to be 
abraded, and such abrasion may obstruct appro- 
priate operation of the variable valve timing mecha- 
nism. 

Particularly where the hydraulic lash adjuster is 
30 incorporated in the valve operating system as in 
the valve operating apparatus disclosed in Japa- 
nese Patent Laid-Open Application No. Showa 61- 
81510 mentioned above, the load to the valve 
operating system is increased, and there is a sub- 
35 ject that the abrasion at the contacting portion 
described above is liable to increase. 

SUMMARY OF THE INVENTION 

40 It is an object of the present invention to pro- 

vide a valve operating system with a variable valve 
timing mechanism which realizes reduction of vi- 
brations and noise and a maintenance-free feature. 
It is another object of the present invention to 

45 provide a valve operating system with a variable 
valve timing mechanism which has a structure 
which allows the valve operating system to be 
produced readily. 

It is a further object of the present invention to 

so provide a valve operating system with a variable 
valve timing mechanism which can be reduced in 
size and weight while assuring a sufficient rigidity. 

It is a stiirfurther object of the present inven- 
tion to provide a valve operating system with a 

55 variable valve timing mechanism wherein the toad 
to a hydraulic lash adjuster employed is reduced 
and the lash adjuster can be reduced tn-weight. 
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It is a yet further object of the present invention 
to provide a valve operating system with a variable 
valve timing mechanism wherein abrasion by con- 
tact between members is reduced and the valve 
clearance is always kept appropriately. 

In order to attain the objects described above, 
according to an aspect of the present invention, 
there is provided a valve operating system struc- 
ture with a variable valve timing mechanism, which 
comprises an intake valve or an exhaust valve 
provided for an engine, a low speed cam having a 
cam profile for a low speed valve timing and rotat- 
able in response to rotation of a crankshaft of the 
engine, a high speed cam having a cam profile for 
a high speed valve timing and rotatable in re- 
sponse to rotation of the crankshaft, a main rocker 
arm for contacting with the low speed cam so as to 
be operated by the low speed cam, a sub rocker 
arm for contacting with the high speed cam so as 
to be operated by the high speed cam, mode 
change-over means for changing over the mode of 
the sub rocker arm between a non-interlocking 
mode in which the sub rocker arm is not interloc- 
ked with the main rocker arm and an interlocking 
mode in which the sub rocker arm is interlocked 
with the main rocker arm, a swing arm supported 
for pivotal motion and for adjustment in phase 
relative to the main rocker arm and having a valve 
contacting portion for contacting with the valve to 
drive the valve, and a hydraulic lash adjuster for 
adjusting the relative phase between the main roc- 
ker arm and the swing arm. 

Preferably, the hydraulic lash adjuster is dis- 
posed at a location nearer to the center of rocking 
motion of the main rocker arm than the valve 
contacting portion of the swing arm. In this in- 
stance, preferably, the hydraulic lash adjuster is 
disposed such that it projects from an upper face 
of the main rocker arm. Preferably, the swing arm 
is disposed such that the center of rocking motion 
thereof is displaced toward the valve contacting 
portion thereof from the center of rocking motion of 
the main rocker arm, and the hydraulic lash ad- 
juster is disposed adjacent the center of rocking 
motion of the main rocker arm with respect to the 
center of rocking motion of the swing arm while the 
valve contacting portion of the swing arm is dis- 
posed on the opposite side to the hydraulic lash 
adjuster with respect to the center of rocking mo- 
tion of the swing arm. The main rocker arm may 
have a low speed roller provided thereon for con- 
tacting with the tow speed cam while the sub 
rocker arm has a high speed roller provided there- 
on for contacting with the high speed cam. Prefer- 
ably, the hydraulic lash adjuster is disposed at or 
around the center of rocking motion of the main 
rocker arm, and preferably, the main rocker arm is 
supported on a rocker shaft in which an operating 


liquid supply passage for supplying operating liquid 
to the hydraulic lash adjuster therethrough is 
formed. The mode change-over means may in- 
clude a hydraulic piston mechanism movable be- 

5 tween a position in which the sub rocker arm is 
operatively independent of the main rocker arm 
and another position in which the sub rocker arm is 
capable of being interlocked with the main rocker 
arm, and the hydraulic piston mechanism may be 

w disposed on a rocker shaft on which the main 
rocker arm is supported for pivotal motion. 

Preferably, the swing arm and the hydraulic 
lash adjuster are disposed between the main roc- 
ker arm and the sub rocker arm. 

75 Preferably, the main rocker arm has a low 

speed roller provided thereon for contacting with 
the low speed cam while the sub rocker arm has a 
high speed roller provided thereon for contacting 
with the high speed cam, and the low speed roller 

20 and the swing arm are supported in a coaxial 
relationship with each other. 

Preferably, the main rocker arm is supported 
on a rocker shaft in which an operating liquid 
supply passage for supplying operating liquid to 

25 the hydraulic lash adjuster therethrough is formed, 
and the distance from the center of rocking motion 
of the main rocker arm to the hydraulic lash ad- 
juster is set smaller than the sum of the radius of 
the operating liquid supply passage and the radius 

30 of the hydraulic lash adjuster. 

Preferably, the swing arm is disposed such that 
the center of rocking motion thereof is displaced 
toward the valve contacting portion thereof from the 
center of rocking motion of the main rocker arm, 

35 and the hydraulic lash adjuster is disposed at an 
end portion of the main rocker arm adjacent the 
center of rocking motion of the main rocker arm 
with respect to the center of rocking motion of the 
swing arm while the valve- contacting portion of the 

40 swing arm is disposed at the opposite end of the 
main rocker arm to the hydraulic lash adjuster with 
respect to the center of rocking motion of the 
swing arm such that the distance from the hydrau- 
lic lash adjuster to the center of rocking motion of 

45 the swing arm is set greater than the distance from 
the valve contacting portion of the swing arm to the 
center of rocking motion of the swing arm. 

The center of contact of the valve contacting 
portion of the swing arm with the valve may be 

so located at a position displaced from the axis of the 
valve. In this instance, preferably the valve is pro- 
vided by a pair and the swing arm is bifurcated into 
a pair of branches each having the valve contacting 
portion at an end thereof, and the centers of con- 

55 tact of the valve contacting portions with the valves 
are located at positions displaced from the axes of 
the valves. Further preferably, the-centers of con- 
tact of the valve contacting portions with the valves 
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are located at positions displaced inwardly toward 
each other with respect to the axes of the valves. 
An interposed member may be interposed between 
the valve contacting portion of the swing arm and 
the valve. s 

According to another aspect of the present 
invention, there is provided a valve operating sys- 
tem structure with a variable valve timing mecha- 
nism, which comprises an intake valve or an ex- 
haust valve provided for an engine, a low speed io 
cam having a cam profile for a low speed valve 
timing and rotatable in response to rotation of a 
crankshaft of the engine, a high speed cam having 
a cam profile for a high speed valve timing and 
rotatable in response to rotation of the crankshaft, a 75 
main rocker arm for contacting with the low speed 
cam so as to be operated by the low speed cam to 
operate the valve, a sub rocker arm for contacting 
with the high speed cam so as to be operated by 
the high speed cam, and mode change-over means 20 
for changing over the mode of the sub rocker arm 
between a non-interlocking mode in which the sub 
rocker arm is not interlocked with the main rocker 
arm and an interlocking mode in which the sub 
rocker arm is interlocked with the main rocker arm, 25 
the main rocker arm having a valve contacting 
portion for contacting with the valve to drive the 
valve, the center of contact of the valve contacting 
portion of the main rocker arm being located at a 
position displaced from the axis of the valve. 30 

The valve operating system structure with a 
variable valve timing mechanism may be construct- 
ed such that the valve is provided by a pair and the 
main rocker arm is bifurcated into a pair of 
branches each having the valve contacting portion 35 
at an end thereof, and the centers of contact of the 
valve contacting portions with the valves are lo- 
cated at positions displaced from the axes of the 
valves. In this instance, preferably, the centers of 
contact of the valve contacting portions with the 40 
valves are located at positions displaced inwardly 
toward each other with respect to the axes of the 
valves. 

An interposed member may be interposed be- 
tween each of the valve contacting portions of the 45 
main rocker arm and the corresponding valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic perspective view showing 50 
part of a valve operating system structure with a 
variable valve timing mechanism according to a 
first preferred embodiment of the present inven- 
tion; 

FIG. 2 is a schematic sectional view taken along 55 
line A-A of FIG. 1 ; 

FIG. 3 is a sectional view taken along line B-B of 
FIG. 2 and showing a hydraulic lash adjuster 


mounted in the valve operating system structure 
with a variable valve timing mechanism; 
FIG. 4 is a sectional view taken along line C-C 
of FIG. 2 and showing mode change-over 
means mounted in the valve operating system 
structure with a variable valve timing mecha- 
nism; 

FIG. 5 is a schematic perspective view showing 
part of a modification to the valve operating 
system structure with a variable valve timing 
mechanism shown in FIG. 1; 
FIG. 6 is a schematic sectional view taken along 
line A-A of FIG. 5; 

FIG. 7 is a sectional view taken along line B-B of 
FIG. 6 and showing a hydraulic lash adjuster 
mounted in the modified valve operating system 
structure with a variable valve timing mecha- 
nism; 

FIG. 8 is a sectional view taken along line C-C 
of FIG. 6 and showing mode change-over 
means mounted in the modified valve operating 
system structure with a variable valve timing 
mechanism; 

FIG. 9 is a schematic vertical sectional view 
showing the hydraulic lash adjuster shown in 
FIG. 3; 

FIG. 10 is a diagram showing cam profiles of the 
valve operating system structure with a variable 
valve timing mechanism shown in FIG. 1; 
FIGS. 11(A) and 11(B) are sectional views illus- 
trating an advantage of the valve operating sys- 
tem structure with a variable valve timing 
mechanism shown in FIG. 1; 
FIGS. 12(A) and 12(B) are similar views but 
illustrating another advantage of the valve op- 
erating system structure with a variable valve 
timing mechanism shown in FIG. 1; 
FIGS. 13(A) and 13(B) are similar views but 
illustrating an advantage of- the modified valve 
operating system structure with a variable valve 
timing mechanism shown in FIG. 5; 
FIGS. 14(A) and 14(B) are sectional views but 
illustrating another advantage of the modified 
valve operating system structure with a variable 
valve timing mechanism shown in FIG. 5; 
FIG. 15 is a sectional view showing an arrange- 
ment of the hydraulic lash adjuster system of 
the valve operating system structure with a vari- 
able valve timing mechanism shown in FIG. 1; 
FIG. 16 is a similar view but showing a com- 
parative arrangement of the hydraulic lash ad- 
juster system of the valve operating system 
structure wifh'a variable valve timing mechanism 
shown in FIG. 1 ; 

FIG. 17 is a schematic sectional view similar to 
FIG. 6 but showing another modification to the 
valve operating system structure wfth a variable 
valve timing mechanism shown in FIG. 1; 
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FIG. 18 is a schematic side elevationai view of 
part of another valve operating system structure 
with a variable valve timing mechanism showing 
a second preferred embodiment of the present 
invention; 5 
FIG. 19 is a schematic plan view of the valve 
operating system structure with a variable valve 
timing mechanism shown in FIG. 18; 
FIG. 20 is a schematic sectional view taken 
along line A-A of FIG. 18 showing mode change- w 
over means mounted in the valve operating sys- 
tem structure with a variable valve timing 
mechanism; 

FIG. 21 is a sectional view taken along line B-B 
of FIG. 20 showing a hydraulic lash adjuster rs 
mounted in the valve operating system structure 
with a variable valve timing mechanism; 
FIG. 22 is a sectional view taken along line C-C 
of FIG. 19 showing a sub rocker arm of the 
valve operating system structure with a variable 20 
valve timing mechanism; 

FIG. 23 is a schematic side elevationai view 
similar to FIG. 18 but showing part of a modi- 
fication to the valve operating system structure 
with a variable valve timing mechanism of FIG. 25 
18; 

FIG. 24 is a schematic sectional view similar to 
FIG. 20 but showing mode change-over means 
mounted in the modified valve operating system 
structure with a variable valve timing mechanism 30 
shown in FIG. 23; 

FIG. 25 is a sectional view similar to FIG. 22 but 
showing a sub rocker arm of the modified valve 
operating system structure with a variable valve 
timing mechanism shown in FIG. 23; 35 
FIGS. 26(A) and 26(B) are a plan view and a 
front elevationai view, respectively, showing an 
arrangement of part of a further valve operating 
system structure with a variable valve timing 
mechanism according to a third preferred em- 40 
bodiment of the present invention, and FIG. 26- 
(C) is a schematic sectional view showing con- 
tacting portions (interposed members) for con- 
tacting with valves in the valve operating system 
structure with a variable valve timing mecha- 45 
nism; 

FIGS. 27(A) and 27(B) are a plan view and a 
front elevationai view, respectively, showing an 
arrangement of part of a modification to the 
valve operating system structure with a variable so 
valve timing mechanism shown in FIGS. 26(A) to 
26(C), and FIG. 27(C) is a schematic sectional 
view showing contacting portions (interposed 
members) for contacting with valves in the valve 
operating system structure with a variable valve 55 
timing mechanism; and 

FIGS. 28(A) and 28(B) are a plan view and a 
front elevationai view, respectively, showing an 


alternative arrangement for comparison with the 
valve operating system structure with a variable 
valve timing mechanism shown in FIGS. 26(A) to 
26(C), and FIG. 28(C) is a schematic sectional 
view showing contacting portions (interposed 
members) for contacting with valves in the valve 
operating system structure with a variable valve 
timing mechanism. 

DETAILED DESCRIPTION OF THE INVENTION 
AND THE PREFERRED EMBODIMENTS 

Referring first to FIG. 1, there is shown a valve 
operating system structure with a variable valve 
timing mechanism according to a first preferred 
embodiment of the present invention. The valve 
operating system shown is provided for a single 
valve 1 which may be an intake valve or an exhaust 
valve, and is constructed so as to operate the valve 
2 to open or close. 

The valve operating system includes a pair of 
cams 12 and 13 which rotate upon rotation of a 
crankshaft (not shown) of an engine (not shown), 
and a pair of rocker arms 14 and 15 which are 
operated by the cams 12 and 13, respectively. 

The cams 12 and 13 are mounted on a cam- 
shaft 1 1 which rotates by rotation of the crankshaft 
of the engine, and the cam 12 serves as a cam for 
a low speed having a cam profile for a valve timing 
upon rotation of the engine at a low speed while 
the cam 13 serves as another cam for a high 
speed having a cam profile for a valve timing upon 
rotation of the engine at a high speed. The cans 12 
and 13 have an equal base circle diameter and 
have such cam profiles as shown in FIG. 10. As 
seen from FIG. 10, the cam profile 3b of the high 
speed cam 13 is set so as to include the cam 
profile 3a of the low speed cam 12. 

The rocker arms 14 "and 15 are each in the 
form of a rocker arm with a roller, and the rocker 
arm 14 serves as a main rocker arm and is con- 
tacted by way of a swing arm 80 with the valve 2 
to operate the valve 2 to open or close. Meanwhile, 
the other rocker arm 15 is contacted by way of the 
main rocker arm 14 with the valve 2 to operate the 
valve 2 to open or close. 

Referring to FIG. 2, the main rocker arm 14 has 
a rocker shaft 16 formed integrally thereon. The 
rocker shaft 16 is supported for rotation at a bear- 
ing portion 1A provided on a cylinder head 1 or a 
like element of the engine so that the main rocker 
arm 14 can be pivoted around the axis of the 
rocker shaft~16. 

Referring to FIGS, 1 and 2, a roller 18 for a low 
speed is mounted at an intermediate portion of the 
main rocker arm 14 for engaging the low speed 
cam 12. The low speed roller 18*ts supported for 
smooth rotation by means of a roller bearing (not 
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shown) on a shaft 18A supported for rotation at an 
intermediate portion of the main rocker arm 14. 
The shaft 18A serves also^as a swing arm shaft. 

A swing arm 80 is supported for rocking motion 
on the main rocker arm 14. In particular, the swing 5 
arm 80 is supported at an intermediate portion 
thereof for pivotal motion on the shaft 18A for the 
low speed roller 18. A valve contacting portion 80C 
for contacting with an end portion of a stem 6 of 
the valve 2 is provided at a free or rocking end 80A 10 
of the swing arm 80. 

A hydraulic lash adjuster (HLA) 81 is provided 
at the other end of the swing arm 80 such that it 
can adjust the relative phase between the swing 
arm 80 and the main rocker arm 14. 75 

Referring to FIG. 3, the hydraulic lash adjuster 
81 is positioned such that the distance a between 
the axis thereof and the axis of rocking motion of 
the swing arm 80, that is, the axis of the swing arm 
shaft 18A, is greater than the distance b between 20 
the axis of rocking motion of the swing arm 80 and 
the axis of the valve 2, that is, a > b. 

Referring to FIG. 9, the hydraulic lash adjuster 
81 includes a plunger 81 B buitt in a body 81 A 
thereof. A high pressure chamber 81 G is defined 25 
between the plunger 81 B and the body 81 A, and a 
spring 81 J is interposed in the high pressure 
chamber 81 G and biases the plunger 81 B in a 
direction (upward direction in FiG. 9) to move away 
from the body 81 A. 30 

A plunger cap 81 D is disposed in contact with 
an end of the plunger 81 B such that the length of 
the axis of the hydraulic lash adjuster 81 from the 
lower end of the body 81 A to the end of the 
plunger cap 81 D may be increased by the biasing 35 
force of the spring 81J. It is to be noted that the 
plunger cap 81 D is retained on a plunger cap 
retainer 81 E so that it cannot be removed from the 
body 81 A. 

A reservoir chamber 81 F is formed in the in- 40 
side of the plunger 81 B, and operating oil serving 
as operating fluid is supplied into the reservoir 
chamber 81 F by way of an oil passage or operat- 
ing liquid supply passage 16C shown in FIG. 2. A 
hole 81 L is perforated in the bottom wail of the 45 
reservoir chamber 81 F, that is, the lower end of the 
plunger 81 B, and communicates with the high 
pressure chamber 81 G. 

A check valve mechanism 81 C is provided for 
closing the hole 81 L. The check valve mechanism so 
81 C includes a, check valve retainer 811 and a 
check valve ball 81 H accommodated in the check 
valve retainer 811. The check valve ball 81 H is 
biased by a check valve spring 81 K into contact 
with the edge of the hole 81 L to close the hole 81 L. 55 

In the check valve mechanism 81 C, when op- 
erating oil is supplied into the reservoir chamber 
81 F to raise the internal pressure, the check valve 
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ball 81 H is moved against the check valve spring 
81 K to open the hole 81 L so that the operating oil 
is supplied into and thereafter held in the high 
pressure chamber 81 G. Accordingly, when the 
length of the axis of the hydraulic lash adjuster 81 
is increased by the biasing force of the spring 81 J, 
the pressure of the operating oil in the reservoir 
chamber 81 F rises so that the operating oil is 
supplied into the high pressure chamber 81 G by 
way of the check valve mechanism 81 C to maintain 
the oil pressure in the high pressure chamber 81 G. 

The hydraulic lash adjuster 81 of such a con- 
struction as described above is disposed on one of 
a pair of members for which the clearance between 
them is to be adjusted such that either the body 
81 A side is implanted fixedly while the plunger cap 
81 D side is set movable or the plunger cap 81 D 
side is implanted fixedly while the body 81 A side is 
set movable, and either an end portion of the 
plunger cap 81 D or a base end portion of the body 
81 A which is a movable member is contacted with 
the other member. 

Referring back to FIG. 3, in the valve operating 
system of the present embodiment, the hydraulic 
lash adjuster 81 is installed such that the body 81 A 
side is fixedly implanted in a base portion 14B of 
the main rocker arm 14 adjacent the rocker shaft 
16 while the plunger cap 81 D side is left movable. 
The rocker shaft side base portion 14B of the main 
rocker arm 14 is positioned such that it is held 
between the body of the main rocker arm 14 and 
the sub rocker arm 15, and has an installation hole 
for the hydraulic lash adjuster 81 formed at a 
portion thereof a little depressed with respect to the 
rocker arms 14 and 15 on the opposite sides of it. 
The hydraulic lash adjuster 81 is mounted in an 
upwardly directed posture (with the cap 81 D di- 
rected upwardly) in the installation hole at the roc- 
ker shaft side base portion 14B. 

A cover 81 M is mounted for movement on the 
main rocker arm 14 adjacent the plunger cap 81 D. 
The plunger cap 81 D contacts with the lower face 
of the swing arm 80 with the cover 81 M interposed 
therebetween. The oil passage 16C for supplying 
operating oil into the hydraulic lash adjuster 81 
therethrough is formed at a portion of the rocker 
shaft 16 along the axis. 

Accordingly, if the relative phase between the 
swing arm 80 and the main rocker arm 14 varies to 
increase the clearance between the corresponding 
portions of them, then the plunger gap 81 D and the 
cover 81 M are projected outwardly, that is, upwar- 
dly in FIG. 3, 6y the biasing force of the spring 81J 
to increase the axial length of the hydraulic lash 
adjuster 81 while adjusting the clearance between 
the swing arm 80 and main rocker arm 14 and the 
valve 2 and consequently the valve -clearance be- 
tween the rocker arm 1 4 and the valve 2 by way of 
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the swing arm 80. 

In this instance, the oil pressure in the high 
pressure chamber 81 G is maintained by way of the 
check valve mechanism 81 C, and also after adjust- 
ment of the clearance, the swing arm 80 and the 
main rocker arm 14 are kept in a predetermined 
pressing condition between them so that the valve 
clearance is maintained stably. 

It is to be noted that, in the present structure, 
the hydraulic lash adjuster 81 is disposed on the 
center of rocking motion of the main rocker arm 14, 
that is, the center of the rocker shaft 16, and since 
the distance H (FIG. 15) from the center of rocking 
motion of the main rocker arm 14 to the axial line 
of the hydraulic lash adjuster 81 is very small, 
naturally the distance H is set so that it may be 
smaller than the sum of the radius ( = d/2) of the 
oil passage 16C and the radius (= D/2) of the 
hydraulic lash adjuster 81, that is, d/2 + D/2. 
Hence, H < d/2 + D/2. 

However, in the present structure, the hydraulic 
lash adjuster 81 need not necessarily be disposed 
accurately on the center of rocking motion of the 
main rocker arm 14, and only it is required to set 
the distance H from the center of rocking motion of 
the main rocker arm 14 to the axial line of the 
hydraulic lash adjuster 81 smaller than the sum 
(d/2 + D/2) of the radius (= d/2) of the oil passage 
16C and the radius ( = D/2) of the hydraulic lash 
adjuster 81, that is, H < d/2 + D/2, as seen from 
FIG. 15. 

Meanwhile, referring to FIGS. 2 and 4, the sub 
rocker arm 15 is supported at a tubular base por- 
tion 15B thereof for pivotal motion on the rocker 
shaft 16, that is, the main rocker arm 14, and a 
roller 19 for a high speed is mounted at a rocking 
end portion 15A of the sub rocker arm 15 for 
contacting with the high speed cam 13. Also the 
high speed roller 19 is supported for smooth rota- 
tion by means of a roller bearing 19B on a shaft 
19A supported for rotation at the rocking end por- 
tion 15A of the sub rocker arm 15. 

A hydraulic piston mechanism 17 is provided 
between the sub rocker arm 15 and the rocker 
shaft 16 and serves as mode change-over means 
for changing over the operation mode of the sub 
rocker arm 15 between a non-interlocking mode in 
which the sub rocker arm 15 is pivotable with 
respect to the rocker shaft 16 and does not operate 
in an interlocking relationship with the main rocker 
arm 14 and another interlocking mode in which the 
sub rocker arm 15 pivots integrally with the rocker 
shaft 16 and operates in an interlocking relationship 
with the main rocker arm 14. 

The hydraulic piston mechanism 17 serving as 
mode change-over means includes a piston 17A 
disposed for movement in a diametrical direction of 
the rocker shaft 16 in a piston chamber formed in 


the rocker shaft 16. The piston 17A has a recess 
formed at an axial portion adjacent a lower or base 
end side thereof in FIG. 4, and a hydraulic cham- 
ber 17G is defined between the recess of the 

5 piston 17A and an inner circumferential face of the 
tubular base portion 15B of the sub rocker arm 15. 

A flange portion 17H is formed on an outer 
periphery of the base end of the piston 17A while a 
stepped portion 171 is formed on the inner wall of 

w the piston chamber, and a coil spring 17B is fitted 
in a compressed condition between the flange por- 
tion 17H and the stepped portion 171. Accordingly, 
the piston 17A is normally biased toward the base 
end portion thereof by the spring 17B. 

75 A hole 17C is formed at a portion of the tubular 

base portion 15B of the sub rocker arm 15 such 
that the other end of the piston 17A, that is, the 
upper end in FIG. 4, can be fitted into it. 

Operating oil is introduced into the hydraulic 

20 chamber 17G by way of an oil passage 16A 
formed in the rocker shaft 16 along the axis. When 
operating oil is supplied into the hydraulic chamber 
17G, the piston 17A is operated toward its upper 
end side in FIG. 4 against the biasing force of the 

25 spring 17B so that the end portion thereof is fitted 
into the hole 17C. Meanwhile, if supply of operating 
oil into the hydraulic chamber 17G is interrupted, 
then the piston 17A is moved reversely toward its 
base end side by the biasing force of the spring 

30 17B so that the upper end thereof in FIG. 4 is 
removed from within the hole 17C. 

In short, when operating oil is supplied into the 
hydraulic chamber 17G, the upper end portion of 
the piston 17A in FIG. 4 is fitted into the hole 17C 

35 to put the sub rocker arm 15 into the interlocking 
mode in which the sub rocker arm 15 rotates 
integrally with the rocker shaft 16 and operates in 
an interlocking relationship with the main rocker 
arm 14, but when supply ~of operating oil into the 

40 hydraulic chamber 17G is interrupted, the upper 
end portion of the piston 17A in FIG. 4 is removed 
from the hole 17C to put the sub rocker arm 15 
into the non-interlocking mode in which the sub 
rocker arm 15 is pivotable relative to the rocker 

45 shaft 16 and does not operate in an interlocking 
relationship with the main rocker arm 14. 

A check ball 17J is located at the interior of the 
hydraulic chamber 17G so that the oil pressure in 
the hydraulic chamber 17G may be kept within a 

so predetermined range. Meanwhile, an oil hole (not 
shown) is formed in the rocker shaft 16 and the 
tubular base portion 15B of the sub rocker arm 15 
for allowing* part of operating oil in the hydraulic 
chamber 17G to leak to the outside to adjust the 

55 pressure of the operating oil within the predeter- 
mined range. 

Operating oil is supplied into- the hydraulic 
chamber 17G by means of an operating oil supply 
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system not shown. The operating oil supply system 
includes a hydraulic pump connected to be driven 
by the engine or a like apparatus, pressure regulat- 
ing means for regulating operating oil pressurized 
by the hydraulic pump to a predetermined hydrau- 
lic pressure, and a cut-off poppet valve for chang- 
ing over between a supplying condition wherein 
operating oil of a pressure regulated by the pres- 
sure regulating means is supplied into the hydrau- 
lic chamber 17G by way of the oil passage 16A 
and another non-supplying condition wherein the 
operating oil is not supplied into the hydraulic 
chamber 17G. The cut-off poppet valve may be 
constituted, for example, from a solenoid valve 
which can be electronically controlled by means of 
a controller not shown. The sub rocker arm 15 can 
thus be changed over appropriately between the 
interlocking mode and the non-interlocking mode 
while the cut-off poppet valve is controlled in re- 
sponse to the speed of rotation of the engine or 
some other parameter. 

Referring now to FIG. 3, a spring retainer 5 is 
provided adjacent an upper end of the valve stem 
6 of the valve 2 white another spring retainer not 
shown is provided on the cylinder head 1, and a 
valve spring 4 is disposed between the two spring 
retainers so that the valve 3 is normally biased in 
its closing direction, that is, toward the upper end 
side of the valve stem 6. Accordingly, also the 
main rocker arm 14 is normally biased toward the 
cam 12 side by the valve spring 4, and the biasing 
force of the valve spring 4 acts as a returning force 
for the main rocker arm 14 upon rocking motion. 

On the other hand, the sub rocker arm 15 is 
integrated, when in the interlocking mode, with the 
main rocker arm 14 and acted upon by the biasing 
force of the valve spring 4, but when in the non- 
interlocking mode, the sub rocker arm 15 is not 
acted upon by the biasing force. Accordingly, 
means for biasing, for example, the sub rocker arm 
15 toward the cam 13 side must necessarily be 
provided so that the sub rocker arm 15 may follow 
up the cam 13. To this end, a lost motion mecha- 
nism 20 is provided for the sub rocker arm 15. 

Referring to FIG. 4, the lost motion mechanism 
20 includes a lost motion holder (not shown) pro- 
vided on the cylinder head 1 or a like element, an 
outer case 20A secured to the lost motion holder, 
an inner case 20B mounted for back and forth 
movement in the outer case 20A such that it may 
not be removed from the outer case 20A, a spring 
20C interposed between the outer case 20A and 
the inner case 20B, and a contacting portion 20D 
formed at an end portion of the inner case 20B. A 
lever portion 15C is provided on the sub rocker 
arm 15 and contacts with the contacting portion 
20D of the lost motion mechanism 20, and the sub 
rocker arm 15 is resiliently pressed against the 


cam 13 by the biasing force of the spring 20C of 
the lost motion mechanism 20 to perform a pre- 
determined operation in response to the cam 13. 
It is to be noted that the spring force of the lost 

5 motion spring 20C is set so as to stand a force of 
inertia acting upon the secondary rocker arm 15 for 
a high speed. 

By the way, while the valve clearance between 
the main rocker arm 14 and the valve 2 is auto- 

io matically adjusted by the hydraulic lash adjuster 
81 , since the valve clearance when the sub rocker 
arm 15 is in the interlocking mode in which the 
main rocker arm 14 operates integrally with the sub 
rocker arm 15 is different from that when the sub 

15 rocker arm 15 is in the non-interlocking mode, it is 
desired to allow the valve clearance in the inter- 
locking mode of the sub rocker arm 15 (that is, 
during high speed operation) to be adjusted by 
some means. It is to be noted that adjustment of 

20 the valve clearance here principally is initial adjust- 
ment upon assembly of the valve operating sys- 
tem. 

Therefore, in the present valve operating sys- 
tem structure, a plurality of rollers having different 

25 outer diameters are prepared for the high speed 
roller 19, and one of the rollers having a suitable 
diameter is selected and assembled as the high 
speed roller 19 to the sub rocker arm 15 so that 
the valve clearance of the main rocker arm 14 may 

30 have a suitable value when the sub rocker arm 15 
is in the interlocking mode. 

Further, in the present valve operating system, 
the low speed roller 18 is made of a material lighter 
in weight than that of the high speed roller 19. In 

35 short, while the high speed roller 19 is made of a 
popular metal material of the iron type, the low 
speed roller 18 is made of a material having a 
lighter weight and a predetermined abrasion resis- 
tance such as a ceramic material. 

40 The valve operating system structure with a 

variable valve timing mechanism of the first em- 
bodiment of the present invention is constructed in 
such a manner as described above. Accordingly, 
when the engine rotates at a low speed, operating 

45 oil in the hydraulic chamber 17G is discharged to 
allow the piston 17A to be moved away from the 
hole 17C. 

Consequently, the sub rocker arm 15 is put 
into the non-interlocking mode in which it is pivota- 

so bte relative to the rocker shaft 16 and does not 
operate in an interlocking relationship with the main 
rocker arm 14. Then, the main rocker arm 14 is 
operated in accordance with the cam profile of the 
low speed cam 12 for a low speed valve timing by 

55 way of the low speed roller 18, which contacts with 
and is operated by the low speed cam 12, and the 
valve 2 is operated by way of the swing arm 80 
from the main rocker arm 14. 
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As a result, the valve 2 is operated at a valve 
timing suitable for low speed rotation so that the 
engine operates efficiently. 

On the other hand, when the engine rotates at 
a high speed, operating oil is supplied into the 5 
hydraulic chamber 17G by the oil pressure supply 
system not shown to cause the piston 17A to be 
fitted into the hole 17C. 

Consequently, the sub rocker arm 15 is put 
into the interlocking mode in which it is integrated w 
with the rocker shaft 16 and operates in an inter- 
locking relationship with the main rocker arm 14. 
Thus, the main rocker arm 14 is operated in accor- 
dance with the cam profile of the high speed cam 
13 for a high speed valve timing by way of the high 75 
speed roller 19, which contacts with and is op- 
erated by the high speed cam 13, and the sub 
rocker arm 15, and the valve 2 is operated by way 
of the swing arm 80 from the main rocker arm 1 4. 

As a result, the valve 2 is operated at a valve 20 
timing suitable for high speed rotation so that the 
engine operates efficiently. 

When the present valve operating system op- 
erates, the hydraulic lash adjuster 81 interposed 
between the main rocker arm 14 and the swing 25 
arm 80 automatically adjusts the relative phase 
between the swing arm 80 and the main rocker 
arm 14. Consequently, the relative phase between 
the swing arm 80 and the main rocker arm 14 is 
maintained appropriately and the clearance be- 30 
tween the main rocker arm 14 and the valve 2 by 
way of the swing arm 80 is always kept appro- 
priately without particular maintenance of any ele- 
ment. As a result, the effects that vibrations and 
noise which are liable to be produced with a valve 35 
operating system are reduced and that the reliabil- 
ity of the variable valve timing mechanism is en- 
hanced. 

Further, in the present embodiment, since the 
hydraulic lash adjuster 81 is disposed on the cen- 40 
ter of rocking motion of the main rocker arm 14, an 
increase of the valve side conversion weight of the 
valve operating system is suppressed and the op- 
erating characteristic of the valve 2 is enhanced 
such that the valve 2 operates appropriately par- 45 
ticularly even when the engine rotates at a high 
speed. Consequently, the output performance of 
the engine can be enhanced particularly with re- 
gard to the high speed performance. 

Further, since the hydraulic lash adjuster 81 is so 
disposed on the center of rocking motion of the 
main rocker arm 14, the acceleration and the cen- 
trifugal force acting upon the check valve ball 81 H 
of the hydraulic lash adjuster 81 are suppressed so 
that the hydraulic lash adjuster 81 operates appro- 55 
priately. Consequently, the variable valve timing 
mechanism operates appropriately and a valve lift 
curve as just designed can be obtained, and con- 


sequently, the total performance of the engine, that 
is, the performance with regard to the output pow- 
er, the fuel cost and so forth, can be enhanced. 

Further, since the swing arm 80 is supported 
for pivotal motion on the shaft 18A for the low 
speed roller 18, the structure there is simplified, 
which allows the valve operating system to be 
constructed compact and increases the degree of 
freedom in designing and besides contributes to 
enhancement of the durability. 

Furthermore, since the oil passage 16C for 
supplying operating oil to the hydraulic lash ad- 
juster 81 is formed at the portion of the rocker shaft 
16 along the axis, the oil passage 16C can be 
worked readily and the structure is simplified, and 
operating oil can be supplied with a higher degree 
of certainty. Consequently, the reliability of the 
hydraulic lash adjuster 81 is enhanced. 

While, in the present structure, the hydraulic 
lash adjuster 81 is disposed on the center of rock- 
ing motion of the main rocker arm 14, the location 
of the hydraulic lash adjuster 81 must only be 
designed in accordance with the requirement that, 
as shown in FIG. 15, the distance H from the 
center of rocking motion of the main rocker arm 14 
to the axial line of the hydraulic lash adjuster 81 is 
set smaller than the sum (d/2 + D/2) of the radius 
(= d/2) of the oil passage 16C and the radius ( = 
D/2) of the hydraulic lash adjuster 81. 

In short, depending upon the arrangement of 
the hydraulic lash adjuster 81, in addition to the oil 
passage 16C, an oil passage for establishing com- 
munication from the oil passage 16C to the hydrau- 
lic lash adjuster 81 may be required. For example, 
if the hydraulic lash adjuster 81 is disposed at a 
location displaced by a great distance from the axis 
of the rocker shaft 16 as shown in FIG. 16, operat- 
ing oil cannot be introduced from the oil passage 
16C in the rocker shaft 16 "directly into the hydrau- 
lic lash adjuster 81, and a communicating oil pas- 
sage 16C must necessarily be provided between 
the oil passage 16C and the hydraulic lash adjuster 
81, which complicates the structure. It is to be 
noted that, in FIG. 16, reference character 14B* 
denotes a rocker shaft side base portion of the 
main rocker arm 14. 

In contrast, where the oil passage 16C is 
formed at the portion of the rocker shaft 16 along 
the axis and the distance H is set to H < d/2 + D/2 
as described above, the oil passage 16C and the 
hydraulic lash adjuster 81 overlap with each other 
so that operating oil can be introduced from the oil 
passage 16C in the rocker shaft 16 directly into the 
hydraulic lash adjuster 81. 

Consequently, the effect that working of the oil 
passage 16C can be simplified and the effect that 
the valve side conversion weight TJT~the valve op- 
erating system can be reduced can be obtained as 
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described above. Further, since the distance B 
(refer to FIG. 15) between the check valve ball 81 H 
of the hydraulic lash adjuster 81 and the center of 
rocking motion of the rocker arm 14 is short, the 
acceleration and the centrifugal force acting upon 
the check valve ball 81 H are low. 

Meanwhile, where the force acting between the 
swing arm 80 and the hydraulic lash adjuster 81 is 
represented by P1 and the force acting between 
the swing arm 80 and the valve 2 is represented by 
P2, if the moment at the swing arm 80 is consid- 
ered based on the distance a between the axial line 
of the hydraulic lash adjuster 81 and the center of 
rocking motion of the swing arm 80 and the dis- 
tance b between the center of rocking motion of 
the swing arm 80 and the axial line of the valve 2, 
then the following relationship stands: 

P1 ♦ a = P2 • b 

Then, in the present structure, since the dis- 
tance a between the axial line of the hydraulic lash 
adjuster 81 and the center axis of pivotal motion of 
the swing arm 80 is set larger than the distance b 
between the center of rocking motion of the swing 
arm 80 and the axial line of the valve 2, that is, b < 
a, b/a < 1, and deforming the equation above, from 
b/a = P1/P2, P1/P2 < 1, that is, Pt < P2, is 
obtained, tn short, the force P1 acting upon the 
hydraulic lash adjuster 81 is smaller than the force 
P2 acting upon the valve 2. 

Consequently, the burden to the hydraulic lash 
adjuster 81 can be reduced comparing with that 
when the hydraulic lash adjuster 81 is provided at 
the location of the valve 2, and accordingly, the 
hydraulic lash adjuster 81 may be reduced in ca- 
pacity and size. As a result, the overall weight of 
the valve operating system can be reduced, and 
enhancement of the high speed performance of the 
valve operating system and decrease of the weight 
of the entire engine can be achieved. 

Naturally, the leverage between the distance a 
between the axial line of the hydraulic lash adjuster 
81 and the center of rocking motion of the swing 
arm 80 and the distance b between the center of 
rocking motion of the swing arm 80 and the axial 
line of the valve 2 can be set freely under the 
requirement of b/a < 1. Thus, the leverage b/a can 
be set in accordance with the capacity of an avail- 
able hydraulic lash adjuster. 

Meanwhile, upon high speed operation, a lift of 
the high speed cam 13 is transmitted from the sub 
rocker arm 15 to the rocker shaft 16 by way of the 
piston (plunger) 17A and further from the main 
rocker arm 14 to the valve 2 by way of the swing 
arm 80. 

In this instance, the rocker shaft 16 which 
transmits rocking motion of the sub rocker arm 15 


to the main rocker arm 14 undergoes torsion, which 
makes a factor of deterioration of the rigidity of the 
entire valve operating system. 

With the present structure, however, since the 

's hydraulic lash adjuster 81 is disposed at the rocker 
shaft side base portion 14B of the main rocker arm 
14 between the main rocker arm 14 and the sub 
rocker arm 15, the piston (plunger) 17A and the 
center of the swing arm 80 are located near to 

io each other as seen from the distance C in FIG. 11- 
(A), and consequently, the influence of the torsion 
of the rocker shaft 16 upon the rigidity of the entire 
valve operating system is minimized and the rigid- 
ity of the valve operating system is assured. 

15 It is to be noted that FIG. 11(B) shows an 

arrangement wherein the hydraulic lash adjuster 81 
and the swing arm 80 are provided at an end of the 
valve operating system. From comparison between 
the distance D between the piston (plunger) 17A 

20 and the center of the swing arm 80 in the arrange- 
ment shown in FIG. -11(B) and the distance C in the 
structure of the present invention, it can be seen 
that the distance C in the structure of the invention 
is smaller. It is to be noted that the distance A in 

25 FIGS. 11(A) and 11(B) denote the overall width of 
the valve operating system. 

Due to. the structure described above, the op- 
erating characteristic of the valve 2 is enhanced 
and operates as designed. Accordingly, the output 

30 performance and so forth of the engine are en- 
hanced and also the durability of the valve operat- 
ing system is enhanced. 

Further, if the hydraulic lash adjuster 81 is 
disposed at the rocker shaft side base portion 14B 

35 between the main rocker arm 14 and the sub 
rocker arm 15, then since a sufficient distance can 
be assured between the low speed cam 12 and the 
high speed cam 13, even when the cans 12 and 13 
are manufactured together with the cam shaft 11 

40 by casting, the possibility of low mold drawability is 
eliminated and the workability is enhanced to facili- 
tate manufacture. 

Further, since a sufficient distance can be as- 
sured between the low speed cam 12 and the high 

45 speed cam 13, the possibility that, when the low 
speed cam 12 is polished, the grind stone may 
interfere with the high speed cam 13 which pro- 
jects farther than the low speed cam 12 is elimi- 
nated. 

50 Furthermore, since the swing arm 80 is sup- 

ported for pivotal motion on the shaft 18A for the 
low speed roller 18, the structure there is simpli- 
fied, which allows the valve operating system to be 
constructed more compact, resulting in increase of 

55 the degree of freedom in designing and contribut- 
ing to enhancement of the durability. 

Further, since the swing arm 80~rs supported 
for pivotal motion on the shaft 18A for the low 
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speed roller 18, the number of parts is reduced 
and the structure there is simplified as seen from 
FIG. 12(A), and consequently, the part cost and the 
assembly cost are reduced. 

It is to be noted that FIG. 12(A) shows the 
present structure when the shaft 18A for the low 
speed roller 18 serves also as a shaft for the swing 
arm 80, and in FIG. 12(A), the overall width of the 
valve operating system is indicated by A. FIG. 12- 
(B) shows another structure wherein the shaft 18A 
for the low speed roller 18 does not serve as a 
shaft for the swing arm 80, and the overall width of 
the valve operating system is indicated by B. From 
comparison between them, it can be seen that, 
where the shaft 18A serves as a shaft for the swing 
arm 80, the overall width of the valve operating 
system is smaller. 

In this manner, the valve operating system can 
be constructed more compactly and the degree of 
freedom in designing is enhanced, and the de- 
crease of the weight of the valve operating system 
can contribute to enhancement of the high speed 
performance of the valve operating system and 
enhancement of the durability. Further, the overall 
weight of the engine can be reduced. 

Further, since the oil passage 16C for sup- 
plying operating oil to the hydraulic lash adjuster 
81 therethrough is formed at the portion of the 
rocker shaft 16 along the axis, working of the oil 
passage 16C can be performed readily and the 
structure is simplified, and operating oil can be 
supplied with certainty, resulting in enhancement of 
the reliability of the hydraulic lash adjuster 81. 

With the variable valve timing mechanism de- 
scribed above, since also the structure of the hy- 
draulic piston mechanism 17 is simple and small in 
size and besides is installed at or in the proximity 
of the axis of the rocker arm 16, the degree of 
freedom in designing is enhanced and the increase 
of the valve side conversion weight of the valve 
operating system is suppressed. Consequently, it 
is possible to provide the low speed roller 18 on 
the main rocker arm 14 and provide the high speed 
roller 19 on the sub rocker arm 15. Then, since the 
rocker arms 14 and 15 are contacted with the low 
speed cam 12 and the high speed cam 13 by way 
of the rollers 18 and 19, respectively, abrasion at 
the contacting portions of the rocker arms 14 and 
15 with the cams 12 and 13 is suppressed, and 
consequently, the valve operating system can 
maintain a required performance for a long period 
of time. 

Further, since the hydraulic lash adjuster 81 is 
mounted in an upwardly directed condition (with 
the cap 81 D directed upwardly) in the depressed 
portion of the rocker shaft side base portion 14B of 
the main rocker arm 14 positioned between the 
main rocker arm 14 and the sub rocker arm 15, 


there is no possibility that the hydraulic lash ad- 
juster 81 may be removed, and the operability in 
assembly is high. 

While, in the embodiment described above, 
5 only one valve which may be an intake valve or an 
exhaust valve is provided, the valve operating sys- 
tem may be modified so that it includes two such 
valves. 

Referring now to FIG. 5, there is shown a valve 

10 operating system modified in such a manner as 
described just above. The modified valve operating 
system is provided for two valves 2 and 3 and is 
constructed so as to drive the valves 2 and 3 to 
open or close. Accordingly, in order to drive the 

rs valves 2 and 3, an end portion of a swing arm 180 
at which the swing arm 180 contacts with the 
valves 2 and 3 is bifurcated into two valve contact- 
ing portions 180C for contacting with ends of stems 
6 of the valves 2 and 3. 

20 In order to operate the valves 2 and 3 simulta- 

neously at an accurate timing by means of the 
single swing arm 180, the clearances between the 
valve contacting portions 180C of the swing arm 
180 and the ends of the stems 6 of the valves 2 

25 and 3 must necessarily be adjusted appropriately. 

To this end, in the modified valve operating 
system with a variable valve timing mechanism, a 
shim 82 is mounted at the end of the valve stem 6 
of one or each of the valves 2 and 3 as seen in 

30 FIGS. 7 and 8 to effect adjustment of the clearance 
or clearances. In short, a shim having a suitable 
thickness is mounted as the shim 82 in accordance 
with the condition of the clearance to adjust the 
clearance. 

35 The modified valve operating system structure 

is constructed similarly to the valve operating sys- 
tem structure of the embodiment described above 
except the structure of and around the valve con- 
tacting portions 180C of the swing arm 180, and 

40 accordingly, it operates in a similar manner as 
described above and exhibits similar effects to 
those of the valve operating system structure of the 
embodiment described above. 

In the valve operating system structure of such 

45 two-valve type, since the two valves are disposed 
in a direction along the axis of the cam shaft 11 
and hence of the rocker shaft 16, the valve operat- 
ing system may be increased in size in the direc- 
tion of the shaft 11 or 16. Particularly, since the two 

50 valves are disposed, taking the balance into con- 
sideration, at equal distances from the center line 
of the swing arm 180 as seen from FIGS. 5 and 6, 
depending upon the position of the swing arm 180, 
for example, one of the valves 2 and 3 may possi- 

55 bly project farther than an end of the rocker shaft 
16. 

With the modified structure, however, since the 
hydraulic lash adjuster 81 is disposed at the rocker 
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shaft side base end 14B of the main rocker arm 14 
between the main rocker arm 14 and the sub 
rocker arm 15, also the swing arm 180 is disposed 
between the main rocker arm 14 and the sub 
rocker arm 15, that is, at the middle in the direction, 
of the shaft 11 or 16 of the valve operating system, 
and consequently, the piston (plunger) 17A and the 
center of the swing arm 180 are located closely to 
each other. As a result, the influence of torsion of 
the rocker shaft 16 upon the rigidity of the entire 
valve operating system is minimized and the valves 
2 and 3 are prevented from projecting farther than 
the end of the rocker shaft 16, and consequently, 
the size of the valve operating system in the direc- 
tion of the shaft 11 or 16 is minimized. 

For example, FIG. 13(A) shows the arrange- 
ment of the present structure while FIG. 13(B) 
shows an alternative arrangement wherein the hy- 
draulic lash adjuster 81 and the swing arm 180 are 
located at an end of the valve operating system. 
From comparison between the distance D between 
the piston (plunger) 17A and the center of the 
swing arm 180 in the arrangement of FIG. 13(B) 
and the distance C in the present structure, it can - 
be seen that the distance C in the present structure 
is smaller. Also it can be seen that, where the 
piston (plunger) 17A and the swing arm 180 are 
arranged at an end of the valve operating system, 
the overall width of the valve operating system is 
increased by the distance D and the - size of a 
valve. 

Further, since the swing arm 180 is supported 
for pivotal motion on the shaft 18A for the tow 
speed roller 18, the number of parts is reduced 
and the structure there is simplified as seen from 
FIG. 14(A). Also this is effective to reduce the part 
cost and the assembly cost. 

It is to be noted that FIG. 14(A) shows the 
present structure wherein the shaft 18A for the low 
speed roller 18 serves also as a shaft for the swing 
arm 180, and the overall width of the valve operat- 
ing system is given by A. Meanwhile, FIG. 14(B) 
shows an alternative structure wherein the shaft 
18A for the low speed roller 18 does not serve as a 
shaft for the swing arm 180 and the low speed 
roller 18 and the swing arm 180 are supported on 
separate individual shafts, and the overall width of 
the operating system is given by B. From compari- 
son between them, the overall width of the valve 
operating system is reduced where the shaft is 
used commonly for the different elements. 

In this manner, the valve operating system can 
be constructed more compactly and the degree of 
freedom in designing is enhanced, and the de- 
crease of the weight of the valve operating system 
can contribute to enhancement of the high speed 
performance of the valve operating system and 
enhancement of the durability. Furthermore, the 


overall weight of the engine can be decreased. 

The valve operating system of the embodiment 
described above may otherwise be modified so as 
to include a cylinder suspending mechanism. The 

5 valve operating system of the modified form is 
shown in FIG. 17. 

Referring to FIG. 17, the modified valve operat- 
ing system additionally has a cylinder suspending 
function and is constructed such that a sub rocker 

w arm 26 contacts with the low speed cam 12 and a 
main rocker arm 24 is operated by the low speed 
cam 12 by way of the sub rocker arm 26. Further, 
similarly as in the valve operating system of the 
embodiment described above, the sub rocker arm 

is 15 contacts with the high speed cam 13, and the 
main rocker arm 24 can be operated by the high 
speed cam 13 by way of the sub rocker arm 15. 

The main rocker arm 24 is provided integrally 
with the rocker shaft 16. The rocker shaft 16 is 

20 supported for rotation on the bearing portion 1A 
provided on the cylinder head 1 or the like of the 
engine, and the main rocker arm 24 can be pivoted 
around the axis of the rocker shaft 16. 

The swing arm 1 80 is mounted for pivotal 

25 motion at a rocking end portion of the main rocker 
arm 24 by means of a pin 180B. It is to be noted 
that, also in the present modified valve operating 
system, two valves are provided similarly as in the 
preceding modified valve operating system, and 

30 substantially similarly as in the arrangement shown 
in FIG. 5, the valve contacting portions 180C 
formed at the free or rocking end 180A of the 
swing arm 180 contact with the two valves 2 and 3. 
Similarly as in the preceding modified valve 

35 operating system described above, the hydraulic 
lash adjuster 81 is provided at the other end of the 
swing arm 180 so that it can adjust the relative 
phase between the swing arm 180 and the main 
rocker arm 24 (refer to FIGr 7). Consequently, 

40 similarly as in the valve operating system of the 
embodiment described above, the clearances be- 
tween the main rocker arm 24 and the valves 2 and 
3 is automatically adjusted by way of the swing 
arm 180. 

45 The sub rocker arm 15 is constructed in a 

similar manner as that of the valve operating sys- 
tem of the embodiment and is supported at the 
tubular base portion 15B thereof for pivotal motion 
with respect to the rocker shaft 16 and hence to 

so the main rocker arm 24. The sub rocker arm 15 
has the high speed roller 19 provided at the rock- 
ing end portion 15A thereof for contacting with the 
high speed cam "13. Also the high speed roller 19 
is supported for smooth rotation by means of the 

55 roller bearing 19B on the shaft 19A supported for 
rotation at the rocking end portion 15A of the sub 
rocker arm 15. — 
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Meanwhile, the sub rocker arm 26 is in the 
form of a rocker arm with a roller similarly to the 
sub rocker arm 15 and is supported at the tubular 
base portion 26B thereof for pivotal motion with 
respect to the rocker shaft 16 and hence the main 
rocker arm 24. The low speed roller 18 is provided 
at the rocking end portion 26A of the sub rocker 
arm 26 for contacting with the low speed cam 12. 
The low speed roller 18 is supported for smooth 
rotation by way of the roller bearing 18B on the 
shaft 18A supported for rotation at the rocking end 
portion 26A. 

A pair of hydraulic piston mechanisms 27 and 
17 are provided between the sub rocker arms 26 
and 15 and the rocker shaft 16 and serve as mode 
change-over means for changing over the operation 
modes of the sub rocker arms 26 and 15 between 
a non-interlocking mode in which the sub rocker 
arms 26 and 15 are pivotable with respect to the 
rocker shaft 16 and do not operate in an interlock- 
ing relationship with the main rocker arm 24 and 
another interlocking mode in which the sub rocker 
arms 26 and 15 pivot integrally with the rocker 
shaft 16 and operate in an interlocking relationship 
with the main rocker arm 24, respectively. 

The hydraulic piston mechanism 17 provided 
for the sub rocker arm 15 is constructed substan- 
tially similarly to that in the valve operating mecha- 
nism of the embodiment described above. 

Meanwhile, the hydraulic piston mechanism 27 
provided for the sub rocker arm 26 includes a 
piston 27A disposed for movement in a diametrical 
direction of the rocker shaft 16 in another piston 
chamber formed in the rocker shaft 16. A coil 
spring 27B is fitted in a compressed condition 
between a base or lower end in FIG. 17 of the 
piston 27A and an inner peripheral face of the 
tubular base portion 26B of the sub rocker arm 26. 
Accordingly, the piston 27A is normally biased 
toward the other or upper end portion thereof in 
FIG. 17 by the spring 27B. 

A hole is formed in the wall of the tubular base 
portion 26B of the sub rocker arm 26 adjacent the 
upper end in FIG. 17 of the piston 27A and is 
closed with a lid 27E, and a hydraulic chamber 
27G is defined between the inner wail of the hole 
and the upper end in FIG. 17 of the piston 27A. 
The upper end of the piston 27A can be advanced 
into the oil chamber 27G. 

Operating oil is introduced into the hydraulic 
chamber 27G by way of an oil passage 16B 
formed in a portion of the rocker shaft 16 along the 
axis. When operating oil is supplied into the hy- 
draulic chamber 27G, the piston 27A is operated 
toward its base or lower end side in FIG, 17 against 
the biasing force of the spring 27B so that the 
upper end portion thereof in FIG. 17 is moved 
away from the hole 27C. On the other hand, if 


supply of operating oil into the hydraulic chamber 
27G is interrupted, then the piston 27A is moved 
reversely toward its upper end side in FIG. 17 by 
the biasing force of the spring 27B so that the 

5 upper end thereof is fitted into the hole 27C. 

In short, when operating oil is supplied into the 
hydraulic chamber 27G, the upper end portion of 
the piston 27A in FIG. 17 is fitted into the hole 27C 
to put the sub rocker arm 26 into the non-interlock- 

70 ing mode in which the sub rocker arm 26 is pivota- 
ble relative to the rocker shaft 16 and does not 
operate in an interlocking relationship with the main 
rocker arm 24, but when supply of operating oil 
into the hydraulic chamber 27G is interrupted, the 

75 upper end portion of the piston 27A in FIG. 17 is 
removed from the hole 27C to put the sub rocker 
arm 26 into the interlocking mode in which the sub 
rocker arm 26 rotates integrally with the rocker 
shaft 16 and operates in an interlocking relationship 

20 with the main rocker arm 24. 

Operating oil is supplied into the hydraulic 
chambers 17G and 27G by means of respective 
operating oil supply systems not shown. Each of 
the operating oil supply systems includes a hy- 

25 draulic pump connected to be driven by the engine 
or a like apparatus, pressure regulating means for 
regulating operating oil pressurized by the hydrau- 
lic pump to a predetermined hydraulic pressure, 
and a cut-off poppet valve for changing over be- 

30 tween a supplying condition wherein operating oil 
of a pressure regulated by the pressure regulating 
means is supplied into the hydraulic chamber 17G 
or 27G by way of the oil passage 16A or 16B and a 
non-supplying condition wherein the operating oil is 

35 not supplied into the hydraulic chamber 17G or 
27G. The cut-off poppet valve may be constituted, 
for example, from a solenoid valve which can be 
electronically controlled by means of a controller 
not shown. The sub rocker ^arm 15 or 26 can thus 

40 be changed over appropriately between the inter- 
locking mode and the non-interlocking mode while 
the cut-off poppet valve is controlled in response to 
the speed of rotation of the engine or some other 
parameter. 

45 In order for the sub rocker arms 26 and 15 to 

follow up the cans 12 and 13, respectively, though 
not shown in FIG. 17, a pair of lost motion mecha- 
nisms 20 similar to that in the valve operating 
system of the embodiment described above are 

so provided. Particularly here, the lost motion mecha- 
nisms 20 for the sub rocker arm 26 for a low speed 
and the sub rocker arm 15 for a high speed are 
same as each other. 

Further, also in the present modified valve op- 

55 erating system, the low speed roller 18 is made of 
a material lighter in weight than that of the high 
speed roller 19. In short, while the high speed roller 
19 is made of a popular metal material of the iron 
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type, the low speed roller 18 is made of a material 
having a lighter weight and a predetermined abra- 
sion resistance such as a ceramic material. 

The reason why the same lost notion mecha- 
nisms 20 are provided for the sub rocker arm 26 5 
for a low speed and the sub rocker arm 1 5 for a 
high speed is described below. 

In particular, while the lost motion mechanism 
20 for the sub rocker arm 26 for a low speed is 
required to exhibit its tost motion action in a high w 
speed range after the valve driving mode is 
changed over to a high speed driving mode, the 
inertial force acting upon the sub rocker arm 26 for 
a low speed then increases in response to the 
speed and also increases from the cam profile of /5 
the low speed cam 12 which presents a small valve 
opening angle. Therefore, generally also the spring 
force of the lost motion spring 20C of the lost 
notion mechanism 20 must necessarily be set to a 
high level so as to cover the inertial force. 20 

In short, generally the inertia! force of the sub 
rocker arm 26 for a low speed is greater than the 
inertial force of the sub rocker arm 15 for a high 
speed, and also the minimum lost motion spring 
force required for a low speed is required to be 25 
greater than that required for a high speed. 

However, since the low speed roller 18 pro- 
vided for the sub rocker arm 26 is made of a 
material of a lighter weight than that of the high 
speed roller 19 provided for the sub rocker arm 15 30 
for a high speed, the weight of the sub rocker arm 
26 is reduced by the amount, resulting in reduction 
of the inertial force of the sub rocker arm 26. In 
short, with the sub rocker arm 26, the inertial force 
is reduced by an amount corresponding to the 35 
reduced weight of the low speed roller 18. 

Accordingly, the minimum lost motion spring 
force required for the sub rocker arm 26 for a low 
speed is reduced comparing with that of a conven- 
tional arrangement and to such a degree as that for 40 
a high speed. 

Consequently, even if a lost motion spring 
force of the magnitude sufficient to clear the mini- 
mum lost motion spring force required for the sub 
rocker arm 26 for a low speed is set to the sub 45 
rocker arm 15 for a high speed, the excess amount 
of the lost motion spring force acting upon the high 
speed side is a very small amount. Accordingly, 
even if the same lost motion mechanisms 20 are 
provided for the sub rocker arm 26 for a low speed so 
and the sub rocker arm 15 for a high speed, no 
significant loss is resulted. 

Rather, where the same lost motion mecha- 
nisms 20 are provided for both of the rocker arms 
26 and 15, such advantages as reduction of the 55 
cost by common use of the part and prevention of 
an y error in assembly of the lost motion mecha- 
nisms can be anticipated. 


Also with the present modified valve operating 
mechanism, in order to operate the valves 2 and 3 
simultaneously at an accurate timing by means of 
the single swing arm 180, the clearances between 
the valve contacting portions 180C of the swing 
arm 180 and the ends of the corresponding stems 
6 of the valves 2 and 3 must necessarily be ad- 
justed appropriately. 

Therefore, in the modified valve operating sys- 
tem structure with a variable valve timing mecha- 
nism, a shin 82 is mounted at the end of one or 
each of the stems 6 to adjust the clearances simi- 
larly as in the preceding modified valve operating 
system structure described above (refer to FIGS. 7 
and 8). 

The present modified valve operating system 
structure described above is constructed in a simi- 
lar manner as the valve operating system structure 
of the embodiment described above except the 
structure of the portion described above. 

Also with the present modified valve operating 
system structure of the construction described 
above, similar action and effects to those of the 
valve operating system structure of the embodi- 
ment described above can be obtained. 

Referring now to FIGS. 18 and 19, there is 
shown another valve operating system structure 
with a variable valve timing mechanism according 
to a second preferred embodiment of the present 
invention. The valve operating system structure 
shown includes a pair of slipper-shaped rocker 
arms 83 and 84, and a swing arm 88 interposed 
between the rocker arms 83 and 84. 

The rocker arms 83 and 84 are supported for 
pivotal motion on a rocker shaft 89, and the rocker 
arm 83 serves as a main rocker arm having a 
slipper 86 for contacting with a cam 12 for a low 
speed as shown in FIG. 18 while the other rocker 
arm 84 serves as a sub rocker arm including 
another slipper 87 for contacting with a can 13 for 
a high speed as shown in FIG. 22. 

It is to be noted that the low speed cam 12 and 
the high speed cam 13 are constructed in a similar 
manner as those in the first embodiment and have 
a cam profile for a valve timing at a low speed and 
another can profile for a valve timing at a high 
speed, respectively, as seen from FIG. 10. 

The swing arm 88 is supported at an end 
thereof on the rocker shaft 89 and has a pair of 
valve contacting portions 88A provided at the other 
end thereof for contacting with a pair of valves 2 
and 3. A hydraulic lash adjuster 81 contacts with an 
intermediate portion of the swing arm 88. 

The hydraulic lash adjuster 81 is provided to 
adjust the relative phase between the swing arm 88 
and the main rocker arm 83 and is mounted at a 
hydraulic lash adjuster mounting portiw 83A pro- 
vided on the main rocker arm 83 such that it 
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extends downwardly. The hydraulic lash adjuster 
81 has such a structure as described hereinabove 
and is mounted here such that a portion thereof 
adjacent the plunger cap 81 D side (refer to FIG. 9) 
is implanted and the other portion thereof on the 
body 81 A side projects as the movable side. 

Supply of operating oil into the hydraulic lash 
adjuster 81 is performed by an operating oil supply 
system not shown by way of an oil passage or 
operating liquid supply passage 90A formed in the 
rocker shaft 89 along its axis and another oil pas- 
sage or operating liquid supply passage 91 formed 
in the main rocker arm 83 and communicating with 
the oil passage 90A. 

Mode change-over means 85 is interposed be- 
tween the main rocker arm 83 and the sub rocker 
arm 84 for changing over between an interlocking 
mode in which the sub rocker arm 15 for a high 
speed operates in an interlocking relationship with 
the main rocker arm 24 and another non-interlock- 
ing mode in which the sub rocker arm 15 for a high 
speed does not operate in an interlocking relation- 
ship with the main rocker arm 24. 

The mode change-over means 85 is consti- 
tuted from a hydraulic piston mechanism and lo- 
cated adjacent the ends of the rocker arms 83 and 
84 remote from the slippers 86 and 87. The mode 
change-over means 85 is constructed in such a 
manner as shown in FIG. 20. 

Referring to FIG. 20, the hydraulic piston 
mechanism 85 serving as the mode change-over 
means includes a pair of plunger chambers 85A 
and 85D formed in parallel to the rocker shaft 89 at 
end portions 84B and 83B of the rocker arms 84 
and 83, respectively, and a plunger 85B accom- 
modated in the plunger chamber 85A and a guide 
plunger 85C accommodated in the other plunger 
chamber 85D. 

The two plunger chambers 85A and 85D are in 
the form of cylindrical holes of the same profile 
which are registered with each other on a common 
axis when the sub rocker arm 84 and the main 
rocker arm 83 contact with base circle portions of 
cans 13 and 12, respectively, that is, when the 
valve operating system is inoperative. Accordingly, 
when the valve operating system is inoperative, the 
plunger 85B and the guide plunger 85C are regis- 
tered serially with each other. The plunger 85B has 
an axial length set so that it is just accommodated 
in the plunger chamber 85A. 

Meanwhile, a return spring 85E is provided 
adjacent an end of the guide plunger 85C for 
biasing the guide plunger 85C toward the plunger 
85B. Accordingly, when the biasing force of the 
return spring 85E is exhibited effectively, the 
plunger 85B is resiliently pressed together with the 
guide plunger 85C so that it is accommodated into 
the plunger chamber 85A. 


On the other hand, an oil passage 92 is formed 
at the end portion 84B of the rocker arm 84 and 
communicates with the plunger chamber 85A. The 
oil passage or operating liquid supply passage 92 

5 communicates with another oil passage or operat- 
ing liquid supply passage 90B formed in the rocker 
shaft 89 along its axis. Consequently, operating oil 
is supplied into the plunger chamber 85A by way 
of the oil passages 90B and 92. 

w When operating oil is supplied into the plunger 

chamber 85A, the plunger 85B is operated to pro- 
ject from the plunger chamber 85A against the 
biasing force of the return spring 85E so that the 
plunger 85B is fitted into the plunger chamber 85D 

75 of the main rocker arm 83. Consequently, the inter- 
connecting mode in which the sub rocker arm 15 
operates in an interlocking relationship with the 
main rocker arm 24 is realized. 

On the contrary, when supply of operating oil 

20 into the plunger chamber 85A is interrupted, the 
plunger 85B is moved by the biasing force of the 
return spring 85E so that it is removed from the 
plunger chamber 85D of the main rocker arm 83 
and accommodated into the plunger chamber 85A. 

25 Consequently, the non-interlocking mode wherein 
the sub rocker arm 15 does not operate in an 
interlocking relationship with the main rocker arm 
24 is realized. 

It is to be noted that supply of operating oil into 

30 the hydraulic lash adjuster 81 and the plunger 
chamber 85A is performed by respective operating 
oil supply systems not shown. Each of the operat- 
ing oil supply systems includes a hydraulic pump 
driven by the engine or a like element, and pres- 

35 sure regulating means for regulating the operating 
oil pressurized by the hydraulic pump to a required 
pressure to supply the operating oil into the oil 
passage 90A or 90B. It is to be noted that the oil 
passages 90A and 90B are - worked simultaneously 

40 along the axis of the rocker shaft 89 and are 
partitioned from each other by a ball 93. 

Each of the operating oil supply systems fur- 
ther includes a cut-off poppet valve which can 
change over between a supplying condition 

45 wherein operating oil of a pressure regulated by 
the pressure regulating means is supplied into the 
plunger chamber 85A by way of the oil passages 
90B and 92 and another non-supplying condition 
wherein the operating oil is not supplied into the 

so plunger chamber 85A. The cut-off poppet valve 
may be constituted, for example, from a solenoid 
valve which can be electronically controlled by 
means of a* controller not shown. The sub rocker 
arm 84 can thus be changed over appropriately 

55 between the interlocking mode and the non-inter- 
locking mode while the cut-off poppet valve is 
controlled in response to the spe&d of rotation of 
the engine or some other parameter. 
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Also with the present valve operating system 
structure, in order to operate the valves 2 and 3 
simultaneously at an accurate timing by means of 
the single swing arm 88, the clearances between 
the valve operating portions 88A of the swing arm 
88 and the ends of the stems 6 of the valves 2 and 
3 must necessarily be adjusted appropriately. 

To this end, though not shown in the figures in 
which the valve operating system structure of the 
present embodiment is shown, for example, a shim 

82 (refer to FIGS. 7 and 8) is mounted at the end 
of one or each of the stems 6 to effect adjustment 
of the clearance. 

Since the valve operating system structure with 
a variable valve timing mechanism according to the 
second embodiment of the present invention is 
constructed in such a manner as described above, 
when the engine rotates at a low speed, operating 
oi! in the plunger chamber 85A is discharged so 
that the plunger 85B is accommodated into the 
plunger chamber 85A. 

Consequently, the non-interlocking mode in 
which the sub rocker arm 84 is pivotable relative to 
the rocker shaft 89 and does not operate in an 
interlocking relationship with the main rocker arm 

83 is entered. Then, the main rocker arm 83 con- 
tacts with and is operated by the low speed cam 

12 and accordingly is operated in accordance with 
the cam profile of the low speed cam 12 for a low 
speed valve timing. Consequently, the valves 2 and 
3 are operated by way of the swing arm 88. 

As a result, the valves 2 and 3 are operated at 
a valve timing suitable for low speed rotation and 
the engine operates efficiently. 

On the other hand, when the engine rotates at 
a high speed, operating oil is supplied into the 
plunger chamber 85A by way of the oil supply 
system not shown so that the plunger 85B is fitted 
into the plunger chamber 85D of the main rocker 
arm 83. 

Consequently, the interlocking mode wherein 
the sub rocker arm 84 operates in an interlocking 
relationship with the main rocker arm 83 is entered. 
Then, the main rocker arm 83 is operated in accor- 
dance with the cam profile of the high speed cam 

13 for a high speed valve timing by way of the sub 
rocker arm 84 which contacts with and is operated 
by the high speed cam 13, and consequently, the 
valves 2 and 3 are operated by way of the swing 
arm 88. 

As a result, the valves 2 and 3 are operated at 
a valve timing suitable for high speed rotation so 
that the engine operates efficiently. 

When the present valve operating system op- 
erates, the hydraulic lash adjuster 81 interposed 
between the main rocker arm 83 and the swing 
arm 84 automatically adjusts the relative phase 
between the swing arm 88 and the main rocker 


arm 83, and consequently, the relative phase be- 
tween the swing arm 88 and the main rocker arm 
83 is maintained appropriately and the clearances 
between the main rocker arm 83 and the valves 2 

5 and 3 by way of the swing arm 88 are always kept 
appropriately without requiring particular mainten- 
ance. Accordingly, there are effects that vibrations 
and noise, which are liable to be produced by a 
valve operating system, are reduced and that the 

w reliability of the variable valve timing mechanism is 
enhanced. 

Further, since, in the present embodiment, the 
hydraulic lash adjuster 81 is disposed adjacent the 
center of rocking motion of the main rocker arm 83, 

75 an increase of the valve side conversion weight of 
the valve operating system is suppressed and the 
acceleration and the centrifugal force acting upon 
the check valve ball 81 H of the hydraulic adjuster 
81 are suppressed so that the hydraulic lash ad- 

20 juster 81 operates appropriately. Consequently, the 
variable valve timing mechanism operates appro- 
priately. 

Further, since the swing arm 88 is supported 
for pivotal motion on the rocker shaft 89, there are 

25 effects that the number of parts is decreased, that 
the structure is simplified and that the part cost and 
the assembly cost can be reduced. Further, the 
valve operating system can be constructed further 
compactly with a reduced weight, and an increase 

30 of the weight of the valve operating system can be 
suppressed and the operating characteristic of the 
valves can be enhanced. Consequently, there are 
an effect that the valve operating system can con- 
tribute to enhancement of the output performance 

35 of the engine and another effect that the degree of 
freedom in designing is increased and the valve 
operating system can contribute also to enhance- 
ment of the durability. 

Further, since the oil passage 90A for sup- 

40 plying operating oil into the hydraulic lash adjuster 
81 therethrough is formed at the portion of the 
rocker shaft 89 along its axis, working of the oil 
passage 90A is easy and the structure is simplified, 
and operating oil can be supplied with certainty 

45 and the reliability of the hydraulic lash adjuster 81 
is enhanced. 

While the rocker arms 83 and 84 used in the 
present embodiment are of the slipper-shaped 
ones, they may otherwise be of the type with a 

so roller. 

FIGS. 23 to 25 show a modified valve operating 
system which includes such rocker arms 83 and 84 
of the type provided with a roller. Referring to 
FIGS. 23 to 25, the low speed roller 18 for contact- 
55 ing with the low speed cam 12 and the high speed 
roller 19 for contacting with the high speed cam 13 
are provided at contacting portions orf^the rocker 
arms 83 and 84 at which the rocker arms 83 and 
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84 contact with the cams 12 and 13, respectively. 
The low speed roller 18 is supported for smooth 
rotation by means of the roller bearing (not shown) 
on the shaft 18A provided on the main rocker arm 
83, and the high speed roller 19 is supported for 
smooth rotation by way of the roller bearing (not 
shown) on the shaft 19A provided on the sub 
rocker arm 84. 

The low speed roller 18 may be made of a 
material lighter in weight than that of the high 
speed roller 19 similarly as in the first embodiment. 
For example, while the high speed roller 19 is 
made of a popular metal material of the iron type, 
the low speed roller 18 is made of a material 
having a lighter weight and a predetermined abra- 
sion resistance such as a ceramic material. 

The present valve operating system is con- 
structed in a similar manner as the valve operating 
system of the second embodiment except the ele- 
ments described above. 

Due to the construction described above, the 
modified valve operating system exhibits, in addi- 
tion to action and effects similar to those of the 
second embodiment, an effect that, since the roc- 
ker arms 83 and 84 contact with the tow speed 
cam and the high speed cam by way of the rollers 
18 and 19, respectively, abrasion of the contacting 
portions of the rocker arms 83 and 84 with the 
cams is suppressed and consequently the valve 
operating system can maintain a required perfor- 
mance for a long period of time- 
Subsequently, a further valve operating system 
with a variable valve timing mechanism according 
to a third preferred embodiment of the present 
invention which is characterized in vafve contacting 
portions of a main rocker arm and a sub rocker 
arm and contacting portions of valves will be de- 
scribed. 

The valve operating system of the present em- 
bodiment has a structure wherein it includes a pair 
of intake or exhaust valves and a plurality of valves 
2 and 3 are operated simultaneously by way of a 
single swing arm 180. The general construction of 
the valve operating system of the present invention 
is similar to that of the first modification to the 
valve operating system of the first embodiment 
shown in FIGS. 5 to 8. Therefore, detailed descrip- 
tion of such common features is omitted herein to 
avoid redundancy. 

In order to operate the valves 2 and 3 simulta- 
neously at an accurate timing by way of the single 
swing arm 180, the clearances between valve con- 
tacting portions 180C of the swing arm 180 and the 
ends of the stems 6 of the valves 2 and 3 must 
necessarily be adjusted appropriately. 

To this end, a shim 82 serving as an inter- 
posed member is mounted at the end of the valve 
stem 8 of one or each of the valves 2 and 3 as 


shown in FIGS. 26(A) and 26(B) to effect adjust- 
ment of the clearance or clearances. In short, clear- 
ance adjustment is performed by mounting a shim 
82 of a suitable thickness in accordance with the 

5 clearance condition. 

Further, in the present structure, contacting 
points or portions 82A of the valves 2 and 3, that 
is, the shims 82, with the valve contacting portions 
180C are located at positions displaced from the 

w axial lines of the valves 2 and 3 as seen from FIG. 
26(C). Particularly, in the present embodiment, the 
two contacting centers 82A are provided at posi- 
tions displaced toward the inner side from the axes 
of the valves 2 and 3. 

75 Since the valve operating system with a vari- 

able valve timing mechanism of the third embodi- 
ment has such a construction as described above, 
the following effects are obtained. 

In particular, where the contacting points or 

20 portions 82A at which the valve contacting portions 
180C contact with the valves 2 and 3, that is, the 
shims 82, are alternatively provided on the axial 
lines of the valves 2 and 3 as seen from FIGS. 28- 
(A) to 28(C), since the contacting points are fixed, 

25 one-sided abrasion takes place with the contacting 
portions. 

In contrast, with the present structure, since the 
contacting points or portions 82A at which the valve 
contacting portions 180C contact with the valves 2 

30 and 3, that is, the shims 82, are located at dis- 
placed positions as seen from FIGS. 26(A) to 26- 
(C), as the valves are operated, the contacting 
points between the valves and the valve contacting 
portions rotate relatively around the axial lines of 

35 the valves and suitable oil films are formed be- 
tween the contacting portions so that one-sided 
abrasion of the contacting portions is prevented. 

Consequently, there is a significant advantage 
that the durability of the valve operating system is 

40 enhanced significantly. 

Particularly, in the present embodiment, since 
the two contacting centers 82A are located at posi- 
tions displaced toward each other from the axes of 
the valves 2 and 3, the bifurcated portion of the 

45 swing arm 180 at which the valve contacting por- 
tions 180C are provided can be reduced in size, 
and the valve operating system can be reduced in 
weight. Consequently, enhancement of the high 
speed performance of the valve operating system 

so as well as reduction of the overall weight of the 
engine can be achieved. 

It is to be noted that the displacement of the 
contacting centers 82A is not limited to that shown 
in FIGS. 26(A) to 26(C), but a swing arm 180 of the 

55 conventional shape may be displaced as it is from 
the valves 2 and 3 as seen from FIGS. 27(A) to 27- 
(C). In the arrangement shown irr-FIGS. 27(A) to 
27(C), at the head of the valve 2, the valve contact- 
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ing portion 180C is located at a position displaced 
outwardly from the axis of the valve 2, but at the 
head of the valve 3, the contacting center 82A is 
located at another position displaced inwardly from 
the axis of the valve 3. Naturally, the displacement 
may be reverse such that, at the head of the valve 
2, the contacting center 82A is located at a position 
displaced inwardly from the axis of the valve, 2, but 
at the head of the other valve 3, the contacting 
center 82A is located at another position displaced 
outwardly from the axis of the valve 3. Or else, 
both of the contacting centers 82A are displaced 
outwardly from the axes of the valves 2 and 3. 

It is to be noted that the displacement structure 
of the contacting portions in the valve operating 
system structure of the present embodiment is not 
limited to that described above and can be applied 
such that, for example, it can be applied to such a 
valve operating system of the type as in the sec- 
ond embodiment or it can be applied to such a 
valve operating system of the single valve type as 
in the first embodiment. Further, the displacement 
structure of the contacting portions is not limited to 
that of the structure which includes a swing arm 
supported for pivotal motion and for adjustment in 
phase relative to a rocker arm as in the embodi- 
ments described hereinabove, but can be applied 
to a rocker arm side end portion of a valve operat- 
ing system of the type wherein such a swing arm 
as described above is not provided and a rocker 
arm contacts directly with a valve. 

It is to be noted that, while, in the embodi- 
ments and modifications described above, the low 
speed roller 18 is made of a material lighter in 
weight than that of the high speed roller 19, this 
feature may not always be employed. Naturally, a 
rocker arm having, no roller may be employed as in 
the second embodiment. Further, the location of 
the operating liquid supply passage is not limited 


operated by said low speed cam (12); 

a sub rocker arm (15; 84) for contacting 
with said high speed cam (13) so as to be 
operated by said high speed cam (13); 

5 mode change-over means (17) for chang- 

ing over the mode of said sub rocker arm (15; 
84) between a non-interlocking mode in which 
said sub rocker arm (15; 84) is not interlocked 
with said main rocker arm (14; 83) and an 

10 . interlocking mode in which said sub rocker 

arm (15; 84) is interlocked with said main roc- 
ker arm (14; 83); 

a swing arm (80; 180; 88) supported for 
pivotal motion and for adjustment in phase 

rs relative to said main rocker arm (14; 83) and 

having a valve contacting portion (80C; 180C; 
88A) for contacting with said valve (2, 3) to 
drive said valve (2, 3); and 

a hydraulic lash adjuster (81) for adjusting 

20 the relative phase between said main rocker 

arm (14; 83) and said swing arm (80; 180; 88). 

2. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 

25 claim 1, characterized in that said hydraulic 

lash adjuster (81) is disposed at a location 
nearer to the center of rocking motion of said 
main rocker arm (14; 83) than said valve con- 
tacting portion (80C; 180C; 88A) of said swing 

30 arm (80; 180; 88). 

3. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 2, characterized in that said hydraulic 

35 lash adjuster (81) is disposed such that it pro- 

jects from an upper face of said main rocker 
arm (14; 83). 

4. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 2, characterized in that said swing arm 
(80; 180; 88) is disposed such that the center 
of rocking motion thereof is displaced toward 
said valve contacting portion (80C; 180C; 88A) 
thereof from the center of rocking motion of 
said main rocker arm (14; 83), and said hy- 
draulic lash adjuster (81) is disposed adjacent 
the center of rocking motion of said main roc- 
ker arm (14; 83) with respect to the center of 
rocking motion of said swing arm (80; 180; 88) 
while said valve contacting portion (80C; 180C; 
88A) of said swing arm (80; 180; 88) is dis- 
posed on tTie opposite side to said hydraulic 
lash adjuster (81) with respect to the center of 
rocking motion of said swing arm (80; 180; 88). 

5. A valve operating system structure*with a vari- 
able valve timing mechanism as set forth in 


to the portion of the main rocker arm along the axis 40 
of rocking motion. 

Claims 

1. A valve operating system structure with a vari- 45 
able valve timing mechanism, characterized in 
that it comprises: 

an intake valve or an exhaust valve (2, 3) 
provided for an engine; 

a low speed cam (12) having a cam profile 50 
for a low speed valve timing and rotatable in 
response to rotation of a crankshaft of said 
engine; 

a high speed cam (13) having a cam pro- 
file for a high speed valve timing and rotatable 55 
in response to rotation of said crankshaft; 

a main rocker arm (14; 83) for contacting 
with said low speed cam (12) so as to be 
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claim 2, characterized in that said main rocker 
arm (14; 83) has a low speed roller (18) pro- 
vided thereon for contacting with said low 
speed cam (12) while said sub rocker arm (15; 
84) has a high speed roller (19) provided 
thereon for contacting with said high speed 
cam (13). 

6. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 2, characterized in that said hydraulic 
lash adjuster (81) is disposed at or around the 
center of rocking motion of said main rocker 
arm (14; 83). 

7. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 6, characterized in that said main rocker 
arm (14; 83) is supported on a rocker shaft in 
which an operating liquid supply passage 
(16C) for supplying operating liquid to said 
hydraulic lash adjuster (81) therethrough is 
formed. 

8. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 2, characterized in that said mode 
change-over means (17) includes a hydraulic 
piston mechanism movable between a position 
in which said sub rocker arm (15; 84) is oper- 
ative^ independent of said main rocker arm 
(14; 83) and another position in which said sub 
rocker arm (15; 84) is capable of being inter- 
locked with said main rocker arm (14; 83), and 
said hydraulic piston mechanism (17) is dis- 
posed on a rocker shaft (16) on which said 
main rocker arm (14; 83) is supported for piv- 
otal motion. 

9. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 1, characterized in that said swing arm 
(80; 180; 88) and said hydraulic lash adjuster 
(81) are disposed between said main rocker 
arm (14; 83) and said sub rocker arm (15; 84). 

10. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 1, characterized in that said main rocker 
arm (14; 83) has a low speed roller (18) pro- 
vided thereon for contacting with said low 
speed cam (12) while said sub rocker arm (15; 
84) has a high speed roller (19) provided 
thereon for contacting with said high speed 
cam (13), and said low speed roller (18) and 
said swing arm (80; 180; 88) are supported in 
a coaxial relationship with each other. 


11. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 1, characterized in that said main rocker 
arm (14; 83) is supported on a rocker shaft 

5 (16) in which an operating liquid supply pas- 

sage (16C) for supplying operating liquid to 
said hydraulic lash adjuster (81) therethrough 
is formed, and the distance (B) from the center 
of rocking motion of said main rocker arm (14; 

70 83) to said hydraulic lash adjuster (81) is set 

smaller than the sum of the radius (d/2) of said 
operating liquid supply passage (16C) and the 
radius (D/2) of said hydraulic lash adjuster 
(81). 

12. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 1, characterized in that said swing arm 
(80; 180; 88) is disposed such that the center 

20 of rocking motion thereof is displaced toward 

said valve contacting portion (80C; 180C; 88A) 
thereof from the center of rocking motion of 
said main rocker arm (14; 83), and said hy- 
draulic lash adjuster (81) is disposed at an end 

25 portion of said main rocker arm (14; 83) adja- 

cent the center of rocking motion of said main 
rocker arm (14; 83) with respect to the center 
of rocking motion of said swing arm (80; 180; 
88) while said valve contacting portion (80C; 

30 180C; 88A) of said swing arm (80; 180; 88) is 

disposed at the opposite end of said main 
rocker arm (14; 83) to said hydraulic lash ad- 
juster (81) with respect to the center of rocking 
motion of said swing arm (80; 180; 88) such 

35 that the distance (a) from said hydraulic lash 

adjuster (81) to the center of rocking motion of 
said swing arm (80; 180; 88) is set greater than 
the distance (b) from said valve contacting 
portion (80C; 180C; ~88A) of said swing arm 

40 (80; 180; 88) to the center of rocking motion of 

said swing arm (80; 180; 88). 

13. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 

45 claim 1, characterized in that the center of 

contact of said valve contacting portion (80C; 
180C; 88A) of said swing arm (80; 180; 88) 
with said valve (2, 3) is located at a position 
displaced from the axis (2A, 3A) of said valve 

so (2, 3). 

14. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 13, characterized in that said valve (2, 3) 

55 is provided by a pair and said swing arm (80; 

180; 88) is bifurcated into a pair of branches 
each having said valve contacting portion (80C; 
180C; 88A) at an end thereof, and the centers 
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of contact of the valve contacting portions 
(80C; 180C; 88A) with the valves (2, 3) are 
located at positions displaced from the axes 
(2A, 3A) of said valves (2, 3). 

15. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 14, characterized in that the centers of 
contact of said valve contacting portions (80C; 
180C; 88A) with said valves (2, 3) are located 
at positions displaced inwardly toward each 
other with respect to the axes (2A, 3A) of said 
valves (2, 3). 

16. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 13, characterized in that an interposed 
member (82) is interposed between said valve 
contacting portion (80C; 180C; 88A) of said 
swing arm (80; 180; 88) and said valve (2, 3). 

17. A valve operating system structure with a vari- 
able valve timing mechanism, characterized in 
that it comprises: 

an intake valve or an exhaust valve (2, 3) 
provided for an engine: 

a low speed cam (12) having a cam profile 
for a low speed valve timing and rotatable in 
response to rotation of a crankshaft of said 
engine; 

a high speed cam (13) having a cam pro- 
file for a high speed valve timing and rotatable 
in response to rotation of said crankshaft; 

a main rocker arm (14; 83) for contacting 
with said low speed cam (12) so as to be 
operated by said low speed cam (12) to op- 
erate said valve (2, 3); 

a sub rocker arm (15; 84) for contacting 
with said high speed cam (13) so as to be 
operated by said high speed cam (13); and 

mode change-over means (17) for chang- 
ing over the mode of said sub rocker arm (15; 
84) between a non-interlocking mode in which 
said sub rocker arm (15; 84) is not interlocked 
with said main rocker arm (14; 83) and an 
interlocking mode in which said sub rocker 
arm (15; 84) is interlocked with said main roc- 
ker arm (14; 83); 

said main rocker arm (14; 83) having a 
valve contacting portion (80C; 180C; 88A) for 
contacting with said valve (2, 3) to drive said 
valve (2, 3); 

the center of contact of said valve contact- 
ing portion (80C; 180C; 88A) of said main 
rocker arm (14; 83) being located at a position 
displaced from the axis (2A, 3A) of said valve 
(2, 3). 


18. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 17, characterized in that said valve (2, 3) 
is provided by a pair and said main rocker arm 

5 (14; 83) is bifurcated into a pair of branches 

each having said valve contacting portion (80C; 
180C; 88A) at an end thereof, and the centers 
of contact of the valve contacting portions 
(80C; 180C; 88A) with the valves (2, 3) are 

io located at positions displaced from the axes 

(2A, 3A) of said valves (2, 3). 

19. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 

75 claim 18, characterized in that the centers of 

contact of said valve contacting portions (80C; 
180C; 88A) with said valves (2, 3) are located 
at positions displaced inwardly toward each 
other with respect to the axes (2A, 3A) of said 

20 valves (2, 3). 

20. A valve operating system structure with a vari- 
able valve timing mechanism as set forth in 
claim 17, characterized in that an interposed 

25 member (82) is interposed between each of 

said valve contacting portions (80C; 180C; 
88A) of said main rocker arm (14; 83) and the 
corresponding valve (2, 3). 
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